It is known that the bacterial cells of pathogenic human and bovine varieties of M. tuberculosis fix the dye neutral red in its salt form (red) to their surface in an alkaline aqueous environment, while mutant strains of these organisms which do not manifest this behavior are highly attenuated or avirulent. 1 2 This is a preliminary report of investigations providing evidence that the material responsible for this fixation of neutral red is a new type of sulfolipid.
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Surface cultures of living bacterial cells from a synthetic medium containing ammonia as the sole source of nitrogen, malic acid (0.3%), glucose (2%), glycerol (0.5%), and the usual inorganic salts, were washed with distilled water after 14 or 28 days of growth. They were briefly extracted, moist, with hexane (Skellysolve B) to which was added some decylamine (0.05%). The extracts were evaporated on a steam bath under N2 to a small volume and shaken with aqueous 1 N citric or 0.1 N hydrochloric acid in order to remove most of the decylamine. Such crude extracts of the fully pathogenic strains, H37Rv (human) or Vall6e (bovine), when shaken with a dilute aqueous solution of neutral red hydrochloride, became brightly colored red. The neutral red dye is "pulled" into the hexane to form a hexanesoluble salt with the acidic substance or substances dissolved in the hexane; and the amount of neutral red so fixed was measured by appropriate spectrophotometric methods. Analysis of this reaction led to the conclusion that the material responsible for this "fixation" of neutral red was strongly acidic, and it was assumed at first to be a phospholipid. However Infrared spectrophotometric (IR) and nuclear magnetic resonance (NMR) analyses have been made of this and other similar fractions for comparative purposes, with the generous collaboration of Dr. John C. Craig and Dr. Evan Horning of the Laboratory of the Chemistry of Natural Products, National Heart Institute, National Institutes of Health. In Figure 1 are shown the IR and the NMR curves given by this material. These studies have shown the following:
(1) The material contains a peculiarly high proportion of methyl groups suggestive of the methyl-branched-chain fatty acids described by several previous investigators in hydrolyzed preparations of the acetone soluble lipids of tubercle bacilli. 3 (2) It contains a very small proportion of alcoholic hydroxyl groups, which is consistent with its insolubility in water and in methanol, and its high solubility in mineral oil, petroleum ether, chloroform, diethyl ether, and acetone. (4) It contains no carbon to carbon unsaturated bonds, which excludes the presence of the phthienoic type of fatty acid.6' 7 (5) It contains a prominent carboxylic acid ester absorption band (1,740 cm-') and little or no free carboxylic acid (1,720 cm-').
Cells of the H37Rv strain were cultivated on medium containing 1 millicurie of S3504 per liter. Crude extracts were prepared as described above. They proved VOL. 45, 1959 MICROBIOLOGY: MIDDLEBROOK ET AL. 1803 to contain significant amounts of S5, and chromatographic separation of such extracts into various fractions revealed good parallelism between radioactivity and neutral red fixing activity (see Table 1 ). These results indicate that the prin- cipal neutral red fixing material from this strain constitutes either a single molecular species exhibiting much tailing on chromatography or, more likely, a group of closely related sulfolipids with slight differences in polarity. These studies have also revealed that more or less neutral red fixing material of high polarity, soluble in methanol and having low radioactivity, can also be extracted from this and other strains of tubercle bacilli, regardless of their biologic properties or the ability of the whole bacterial cells to fix neutral red in an alkaline aqueous environment. These fractions contained up to 4.2 per cent phosphorus, and their amounts in hexanedecylamine extracts varied in particular with the duration of the extraction period and the age of the cultures, being especially prominent in extracts of old autolyzing populations.
Comparative studies have also been made of other selected strains of M. tuberculosis (see Table 2 ). Extracts have been prepared from two BCG strains of M. tuberculosis which are partially attenuated in pathogenicity. One, the least attenuated, fixes neutral red well as whole bacterial cells, and hexane-decylamine extracts of this strain fix at least half as much neutral red as the fully pathogenic strains. However, the sulfur content of the neutral red fixing fractions from this strain is only one-tenth that of the H37Rv strain; and it appears to produce little or none of the relatively nonpolar neutral red fixing material synthesized by and so easily extracted from the surface of the two fully pathogenic strains. Most of the neutral red fixing activity of the whole bacterial cells and of the extracts of this attenuated strain is fairly attributable to phospholipid.
Cells of the other, more attenuated, strain of BCG fixed neutral red very weakly and yielded crude extract material with one-sixth as much neutral red fixing activity as the less attenuated strain.
In all experiments with the nonpathogenic strain H37Ra, the whole cells of which do not fix neutral red, little or no neutral red fixing material was released into hexane-decylamine extracts, and such an extract contained very little sulfur.
Preliminary tests of the least polar sulfolipid fraction from the strain H37Rv, dissolved in light paraffin oil (Bayol F), and injected by the intracutaneous route into guinea pigs, have shown that it has significant local toxicity both for normal and for tuberculous animals.
Finally, the oily character of this sulfolipid material as well as its apparently superficial location in the bacterial cells would seem eminently to suit the requirements of a capsular or envelope substance responsible for the morphologic serpentine cord formation so characteristic of cultures of neutral red fixing, pathogenic strains of tubercle bacilli.8 Therefore, it seems reasonable to postulate that this material plays a prominent role in the biology of tuberculosis.
Summary.-Evidence has been presented that the principal material responsible for the fixation of neutral red by fully pathogenic strains of tubercle bacilli consists of sulfolipid. Physical and chemical studies of this material indicate that it is a kind of chemical substance heretofore unrecognized in biological products.
